Uniform concentrations of chemoattractants such as formylpeptides induced a morphological polarization of human polymorphonuclear leucocytes (PMNs) and a concentration of F-actin at the cell front. They also induced a transient increase in filamentous actin (Factin) which preceded the cell shape change.
Introduction
The exposure of human polymorphonuclear leucocytes (PMNs) to a gradient of bacterial or endogeneous chemoattractant induces dramatic morphological changes, with lamellipodia oriented along the gradient (Zigmond, 1977; Cheung et al. 1982) . How PMNs move towards the taxis-inducing gradient remains to be elucidated (Zigmond, 1989) . They may detect a difference in receptor occupancy ("spatial mechanism") (Zigmond, 1974; Lauffenburger et al. 1988) or timedependent changes of chemoattractant concentration ("temporal mechanism") (Gerisch and Keller, 1981; Zigmond et al. 1981) . These two mechanisms cannot be easily distinguished and are often associated in a common paradigm called the "spatio-temporal mechanism" of chemotaxis (Haston and Wilkinson, 1987) . In addition, PMNs constitute a unique example, to our knowledge, of morphological cell polarization, since they become polarized in suspension after an isotropic exposure to diverse stimuli, such as chemotactic peptides (Shields and Haston, 1985) or bacterial lipopolysaccharide (Howard et al. 1990a) . The first molecule of chemoattractant that binds to its receptor on a rounded and immotile PMN may activate and polarize this cell (Haston and Wilkinson, 1987) , although this hypothesis was recently debated (Vicker, 1989) .
Actin is an important element of PMNs, since it represents about 10% of cytoplasmic proteins. The conversion from the monomeric state (G-actin) into the filamentous form (F-actin) after delivery of chemo-attractants (Howard and Meyer, 1984; Wallace et al. 1984; Sklar et al. 1985) probably plays an essential role in PMN ruffling and motility. Thus, cytochalasin B inhibited both PMN pseudopod extension and actin polymerization (White et al. 1983; Carson et al. 1986; Cassimeris et al. 1990 ). However, actin polymerization and depolymerization largely preceded cell shape changes (Howard and Oresajo, 1985; Shields and Haston, 1985) . In addition, the spatial cytoskeletal organization remains ambigous on micrographs of suspended PMNs. F-actin is concentrated at the cell front of morphologically polarized PMNs after stimulation by chemoattractants (Fechheimer and Zigmond, 1983; Sullivan and Mandell, 1983; Howard and Oresajo, 1985) or lipopolysaccharide (Howard et al. 1990a) . In other reports, a secondary focus of F-actin was also found in the cell tail (Haston and Wilkinson, 1987; Roos et al. 1987; Cassimeris et al. 1990) .
In this report, we combined fluorescence microscopy, cell labelling and image analysis (Andr6 et al. 1990a,b) to study the distribution of microfilaments, the localization of cell membrane and cytoplasmic volume in stimulated PMNs. A double accumulation of F-actin, as revealed by a specific probe (bodipy phallacidin), was found in morphologically polarized PMNs stimulated by a chemoattractant. We conclude that microfilament reorganization in two centres probably drives the morphological polarization of PMNs.
Materials and methods

Materials
Hanks' balanced salt solution (HBSS) was obtained from Flow Lab., Irvine, Scotland. Lymphocyte Separation Mixture (MSL) was from Eurobio, Les Ulis, France, and dextran T500 from Pharmacia, Uppsala, Sweden. A'-formylmethionylleucyl-phenylalanine (fMet-Leu-Phe, Calbiochem, La Jolla, CA) was stored at -70°C in dimethylsulphoxide. Bodipy phallacidin (100 units/ml, Molecular Probes, Eugene, OR) was stored at -20°C in methanol. l-(4-Trimethylammoniumphenyl)-6-phenyl-l,3,5-hexatriene (TMA-DPH, Molecular Probes) was stored at 5xlO~3 M in dimethylformamide. Fluorescein diacetate (Sigma Chemicals, Saint-Louis, MO) was stored at 10 mM in dimethylformamide. Lysophosphatidylcholine was from Sigma and Limulus amebocyte lysate (LAL) from Whittaker Bioproducts (Walkersville, MD).
Cells
Blood from healthy adult volunteers was collected in heparinized tubes and mixed for 1 h with 6% w/v dextran in normal saline. The supernatant with leucocytes was layered on MSL and centrifuged at 400 g for 20 min. A hypotonic shock of 30 s was applied to cell pellets to remove contaminating erythrocytes. Leucocytes were suspended in HBSS and consisted of more than 95% neutrophils. The cell preparation and media were checked for the absence of endotoxin by LAL assay. In addition, PMNs were immediately examined and used only if the proportion of cells having a polarized morphology was less than 10%. When this proportion was more than 10%, the preparation was discarded.
Cell polarization and cytoskeletal staining
Two million cells were suspended at 37°C in Eppendorf tubes containing 0.5 ml HBSS for the appropriate time in the presence of different concentrations of fMet-Leu-Phe or dimethylsulphoxide as control. A morphological polarization was also obtained by incubating PMNs at 37°C with zymosanactivated serum during 30 min. At the end of the assay, PMNs were fixed with 3.7% formaldehyde and stained for 20 min with 10 units/ml bodipy phallacidin diluted in phosphate buffer containing 0.1 mg/ml lysophosphatidylcholine. Preliminary experiments were done to compare bodipy phallacidin and NBD-phallacidin distribution: similar results were obtained (data not shown).
Quantification of cell F-actin distribution
F-actin distribution of PMNs was quantified by fluorescence microscopy and digital image processing with an improved version of an apparatus described in detail in a previous report (Andrd et al. 1990a) . Briefly, an Olympus IMT2 inverted microscope was connected to a 4015 tube videocamera (Lhesa, Cergy-Pontoise, France). The sensitivity was about 10~3 lx. The digitization of cells was performed on the camera output with a PCVision+ digitizer (Imaging Technology, Woburn, MA, USA) mounted on a Commodore PC 20III IBM-compatible computer, providing 256 intensity levels on 512x512 pixel format. The linearity and the spatial resolution of the system were checked as previously described (Andr6 et al. 1990b) . Cells were selected during visible light illumination. Fluorescent images were then digitized and stored on floppy disks for delayed analysis.
Fluorescence distributions were analyzed with an IBMcompatible desk computer, using a software written in the laboratory for this purpose. Digitized fields were displayed by representing each pixel as an hexadecimal sign (0...9, A...F) written with coded colours and corresponding to the local fluorescence intensity. The cell area covered by each pixel was about 0.5x0.75/jm (with a x60 magnification). The hexadecimal associated with colour-coded representation of the fluorescence intensities allowed accurate determination of cell contour, defined as 1.5 x the intensity of background.
The cell orientation was defined by a vector with origin at the centre of gravity of the fluorescence distribution and extremity on the brightest region. This region was always easy to find, whatever the cell shape (i.e. rounded or polarized). The software then allowed us to rotate images so that all analyzed cells would have identical orientation. Then, a mobile and variable cursor was superimposed on each horizontal row of pixel intensities enclosed in the cell contour, and the mean fluorescence of the corresponding cell region was calculated. This procedure was repeated for each horizontal row in each individual cell. Moreover, since the size of polarized PMNs was variable from one cell to another, and the gain control was manually adjusted for each image to optimize the intensity range, we performed a double normalization of cell size and fluorescence. Numerical data were expressed by plotting fluorescence intensity versus the distance from the front of cells.
Quantification of cell F-actin content
The cell fluorescence was determined by an EPICS Profile (Coulter, Hialeah, FL, USA) flow cytometer equipped with an argon laser (488 nm emission, 15 mW output). Fluorescence intensities monitored through a 525 nm filter were recorded on the linear scale ranging from 0 to 255 channels, and expressed in mean ± s.d. as provided by the data processing software. Ten thousands PMNs were analyzed per
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147 sample and the F-actin content of PMNs stimulated with fMet-Leu-Phe was expressed as relative to unstimulated PMNs.
Cell fluorescence was also studied by using quantitative fluorescence microscopy. Control and stimulated PMNs, stained with bodipy phallacidin, were deposited on glass slides and fluorescent images were digitized with a camera gain fixed along the assay. Cell boundary was determined by an automatic contour-follow procedure, allowing us to calculate the total fluorescence intensity. The F-actin content of stimulated PMNs was expressed relative to unstimulated PMNs.
Cytoplasmic labelling with fluorescein diacetate
Two million PMNs in 0.5 ml HBSS were incubated for 15 min at 37°C with 10~5 M fluorescein diacetate (Sellin et al. 1971) and washed three times. PMNs were stimulated with 10~8 M fMet-Leu-Phe, then deposited on glass coverslips and analyzed for fluorescence quantification within 1-2 min before cell spreading.
Membrane labelling with TMA-DPH
Controls and PMNs stimulated with 10~8 M fMet-Leu-Phe were incubated with TMA-DPH (a lipid probe specific for plasma membrane that becomes fluorescent in a lipophilic environment; Kuhry et al. 1983 ) at 5xlO~6 M in HBSS for about 1 min at room temperature. Cells were then deposited on glass coverslips and analyzed for fluorescence quantification within 1-2 min before any cell spreading, by using a 360 nm excitation filter.
Data analysis
In each set of experiments, at least 20-30 cells were analyzed and the results were expressed in percentage of normalized fluorescence ± s.e.m. versus each cell region. Since correlation coefficients are not expected to be distributed according to a normal law, normalized correlation coefficients were obtained by means of Fisher's transformation (Snedecor and Cochran, 1980) , which allowed us to use Student's Mest to assess the significance of differences found between tested samples.
Results
Chemoattractant-stimulated cell shape change
More than 90% of suspended PMNs remained round for at least 30 min at 37°C. PMNs incubated in suspension with 10~8 M fMet-Leu-Phe displayed timedependent morphological changes. Some cells presenting an intermediate morphology between spherical and fully polarized were observed after a 1-min incubation. After 5 min, about 50% of PMNs were polarized with characteristic leading edge and tail. This proportion was about 80% after a 10-min incubation and reached a plateau for at least 30 min. Fig. 1A and B, respectively, correspond to light micrographs of a resting PMN and to its F-actin distribution. numbers written 0...9, A...F and coded colours designed to convey an impression of cell contours. Note that data were represented as 16-level intensities, but they were processed as 256-level values, i.e. with 8-bit accuracy. Data were stored on floppy disks before delayed analysis. Fig. 2 is representative of a PMN stimulated for 10 min at 37°C by 10~8 M fMet-Leu-Phe. Fig. 2A and B, respectively, show the morphological cell polarization and the distribution of F-actin observed with light and fluorescence microscopy. Fig. 2C illustrates the colourcoded representation of cell fluorescence and reveals a principal focus of F-actin in the head region of the polarized PMN and a secondary focus in its posterior end. Since the occurrence of an isolated pixel might remain undetected with our averaging procedure, we chose to study the double localization of F-actin by measuring the brightest pixels of both foci. The ratio R F between both pixels allows us to express the relative importance of the secondary focus of F-actin as compared to the principal focus, and yields a value of 0.70 for the PMN shown in Fig. 2 .
F-actin distribution on individual cells
Determination of the mean F-actin distribution
Since chemoattractants induced a transient increase in the cell F-actin content and therefore in the total cellular fluorescence, the fluorescence intensity of each cell was normalized, with a maximum value of 100 assigned to the highest mean intensity of the different horizontal rows of pixels. The other advantage of this method was that it obviated the difficulty raised by the variability of total cell fluorescence within the diverse populations.
On the other hand, the mean length of rounded PMNs suspended in HBSS was about 9 [xm and the length of a PMN polarized by a 10-min incubation at 37°C with 10~8 M fMet-Leu-Phe was between 12 and 15 fxm. To compare data obtained with cells of different sizes, we found it useful to divide cells into ten strips of identical width and perpendicular to the longest axis. The double normalization of cell fluorescence and size concerning the PMNs shown in Figs 1 and 2 is illustrated in Fig. 3 . It should be emphasized that this calculation was performed on each individual cell, thus allowing a comparative study of the F-actin distribution in spherical or morphologically polarized PMNs. Therefore, the analysis shown in Fig. 3 was repeated with more than 100 control PMNs and 80 morphologically polarized PMNs. The resulting plot of normalized F-actin versus the distance from the front of the cell shows that F-actin is diffusely distributed throughout all the control PMNs (Fig. 4A) .
Conversely, it is concentrated at the front of morphologically polarized PMNs stimulated for 10 min by 10~8 M fMet-Leu-Phe with a maximum at the third strip. Moreover, a second focus of F-actin concentration was observable at the 6-8th strips, corresponding to about 50% of the fluorescence intensity of the principal focus of F-actin (Fig. 4B) . Visual examination of individual cells showed that all the analyzed PMNs presented a double concentration of F-actin in the head and in the tail of cells. However, the intensity of fluorescence in the cell tail was variable, as compared to that of cell head. In a sample of 87 PMNs, 38 (44%) had an R P > 0.5 and the other 49 cells an R P < 0.5 ranging between 0.20 and 0.98, which demonstrates a great heterogeneity of tail fluorescence.
Kinetics of F-actin distribution after fMet-Leu-Phe stimulation
As previously described in many reports in which NBDphallacidin was used as probe (Howard and Meyer, 1984; Wallace et al. 1984) , fMet-Leu-Phe at 10" 8 M also induced a transient increase in the F-actin content, assessed with bodipy phallacidin and determined by cytofluorographic measurements. This increase was maximal at 30 s and the fluorescence declined to its basal level during the next minutes. Quantitative fluorescence microscopy and cytometry yielded com- parable values for the relative F-actin content of stimulated PMNs, as compared to control PMNs (Fig. 5) . The time course of F-actin distribution of PMNs stimulated with 10~8 M fMet-Leu-Phe is shown in Fig.  6 . After 30 s of stimulation, F-actin is already polarized in perfectly rounded PMNs (in a region that is arbitrarily defined as the head region) and some slightly deformed PMNs (Fig. 6B and C, respectively) . The cytoskeletal polarization was also seen after 1 and 2 min of stimulation when the cells began to polarize ( and E) and clearly observed at the same times during cell morphological polarization (i.e. 5 to 30 min; Fig.  6F , G and H). After the 30-s stimulation by fMet-LeuPhe, a discrete secondary focus of F-actin was observed in perfectly rounded PMNs, as assessed by R P calculation on 23 individual cells (i.e. 0.69±0.05 s.e.m.) but not evidenced by the double normalization representation. Secondary foci of F-actin were also observed in PMNs stimulated by fMet-Leu-Phe for longer times (1 to 30 min) (data not shown).
Dose response for fMet-Leu-Phe on F-actin distribution
In another set of experiments, we studied the F-actin distribution in PMNs stimulated for 10 min with different concentrations of fMet-Leu-Phe. As shown in Fig. 7 , fMet-Leu-Phe at 10~6 to 10" 8 M induced a principal polarization of cytoskeletal F-actin in the head region of PMNs and a substantial secondary centre of polarization in the cell tail region. At 10~9 M fMet-LeuPhe, this secondary focus of polarization was not evidenced by the representation used but was detectable by the R P calculation (0.56±0.05 s.e.m., n=22). At 10~1 0 M, fMet-Leu-Phe induced a slight displacement of F-actin in the cell head region and a tenuous change in shape of PMNs.
Specificity of the F-actin distribution in polarized PMNs
We wondered if the F-actin polarization was specifically triggered by the occupancy of fMet-Leu-Phe receptors by the corresponding oligopeptides or if another chemoattractant such as C5a, which is known to modify the PMN shape and to effect another receptor (Gerard and Gerard, 1991) , could also induce the double polarization of F-actin. As demonstrated in Fig. 8 , zymosan-activated serum induced a reorganization of F-actin that was comparable to that observed with fMet-Leu-Phe.
Is F-actin actually concentrated in two foci?
The apparent distribution of F-actin in polarized PMNs observed by 2D fluorescence microscopy might result from variations in the 3D cell shape, a local concentration of plasma membrane drawing filamentous actin, or from a true concentration of F-actin in privileged cell areas.
To establish that the distribution of F-actin in morphologically polarized PMNs was not due to variations in the cell volume, we studied the distribution in PMNs of a cytoplasmic probe, fluorescein diacetate. As shown in Fig. 9A and B, the cell distribution of the probe was homogeneous in controls and in PMNs stimulated for 30 s with 10~8 M fMet-LeuPhe, as expected by their spherical shape. Fluorescein diacetate was slightly concentrated at the front of morphologically polarized PMNs (4th strip) stimulated for 10 min with 10 M fMet-Leu-Phe and no secondary accumulation was seen in the cell's posterior end (Fig.  9C) , showing a great difference with the distribution of F-actin (see Fig. 4 ). The mean of the normalized correlation coefficients obtained for individual PMNs between cell morphology and the distribution of fluorescein diacetate showed a strong relationship between these two parameters, as expected for control and stimulated PMNs (Table 1 ). The distribution of bodipy phallacidin was also highly correlated to cell shape in control PMNs but was significantly decreased in PMNs stimulated with 10~8 M fMet-Leu-Phe for 30 s or 10 min, suggesting that filamentous actin was actually concentrated in specific cell areas.
The membrane location of TMA-DPH was responsible for a characteristic curve of distribution on spherical PMNs (Fig. 10A) . It is therefore difficult to interpret the data obtained with morphologically polarized PMNs stimulated for 10 min by 10~8 M fMet-LeuPhe (Fig. 10C) . If the apparent non-homogeneous Factin distribution observed after a 30-s stimulation with 10~8 M fMet-Leu-Phe resulted from a local accumulation of plasma membrane, the repartition of TMA-DPH in spherical and fMet-Leu-Phe-stimulated PMNs PMNs were stimulated with 10 8 M fMet-Lcu-Phe for 30 s or 10 min and labelled with bodipy phallacidin, fluorescein diacetate or TMA-DPH as described in Materials and methods. On individual cells, each fluorescence intensity of horizontal rows was correlated to the number of pixels enclosed in the same cell contours. A normalized correlation coefficient was used to compare different PMNs and the results were expressed as mean, s.e. and the number of cells analyzed. Significance of the fMet-Leu-Phe effect on normalized correlation coefficients was evaluated with Student's (-test. Only significant results are shown. *P<0.025; **f<0.001.
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would be different from that of control PMNs. This is not the case (Fig. 10A and B) , suggesting that the double localization of F-actin observed in these conditions was not dependent on membrane accumulation. Moreover, the correlation study (Table 1) showed that the repartition of TMA-DPH in PMNs stimulated with 1CT 8 M fMet-Leu-Phe for 30 s was not significantly modified by this treatment, revealing a great difference from bodipy phallacidin and confirming our hypothesis that the localization of F-actin in stimulated PMNs was not due to a local concentration of membrane. 
Discussion
In this report we describe a study of the cytoskeletal reorganization (F-actin redistribution) induced by fMet-Leu-Phe stimulation of human PMNs. Studying PMN polarization in suspension rather than in locomoting conditions (i.e. chemotaxis or chemokinesis of adherent PMNs) has the advantage of avoiding the cellsubstrate attachment that induces per se a rise in F-actin content and local foci of F-actin concentration (Sullivan and Mandell, 1983; Southwick et al. 1989; Laurent et al. 1991) . The quantitative methodology we used yielded valuable information on the spatial distribution of the fluorescent marker whereas qualitative observation made it difficult to gather data on heteregeneous cell populations. Thus, F-actin seems to be concentrated in the cell tail on micrographs shown in some reports (Haston and Wilkinson, 1987; Roos et al. 1987; Cassimeris et al. 1990 ), but this is not the case in other studies (Fechheimer and Zigmond, 1983; Sullivan and Mandell, 1983; Howard and Oresajo, 1985) . By quantifying cell fluorescence we demonstrated an apparent concentration of F-actin in the head region of morphologically polarized PMNs. In addition, videocamera amplification allowed us to detect an apparent concentration of F-actin in the cell posterior end. Thus, it is reasonable to assume that the discrepancy observed between previous reports was only due to differences between individual cells, since the relative intensity of posterior F-actin, as compared to that of the cell front, varied between 20% and 100% in our hands.
Our data raise the problem of the contribution of PMN morphology to fluorescent images. The polarized shape of stimulated PMNs, as observed by phasecontrast micrographs, included a leading lamellipod, a more or less pronounced constriction ring in the cell body, and a tail (Shields and Haston, 1985) . In addition, the morphology of non-stimulated PMNs is spherical, with numerous folds on their surface, as observed on scanning electron micrographs. These folds may serve as a reservoir of membrane area, since the cell excess surface area was estimated at more than 80% (SchmidSchonbein, 1990 ). Thus, after stimulation, extensive ruffling of the plasma membrane was observed at the leading edge of PMNs (Cassimeris et al. 1990; SchmidShonbein, 1990 ). To examine these possibilities, we used two fluorescent probes, fluorescein diacetate for the determination of cell volume, and TMA-DPH for that of surface area. Clearly, fluorescein diacetate distribution shows that the secondary focus of F-actin in the posterior end of polarized PMNs was not correlated with cell volume, although no clearcut conclusion on the principal focus of F-actin could be drawn from these experiments. In addition, since the polarization of filamentous actin in PMNs stimulated by a brief exposure to fMet-Leu-Phe preceded the morphological polarization, the F-actin distribution we observed did not result from a change in the cell volume. Confocal microscopic observation of l-fim sections of PMNs also showed a double concentration of F-actin in morphologically polarized PMNs (data not shown). The distribution of the lipid dye, TMA-DPH, in rounded PMNs is biphasic and characteristic of a plasma membrane location, so that it is not possible to correlate its distribution in polarized PMNs and the distribution of F-actin in two foci. However, since the distribution of TMA-DPH in controls and in rounded PMNs stimulated by a brief exposure to fMet-Leu-Phe was identical, we conclude that the F-actin polarization observed in these cells was not due to a local accumulation of membrane. Moreover, the double localization of F-actin in morphologically polarized PMNs did not require fMet-Leu-Phe binding on specific receptors, since the asymmetry of F-actin distribution was also observed in PMNs stimulated with zymosanactivated serum.
In addition to the cytoskeleton, the segregation of membrane proteins in different regions of motile cells such as PMNs is debated. Receptors for formylpeptides are preferentially concentrated at the anterior edge of migrating PMNs (Sullivan et al. 1984; Walter and Marasco, 1987; McKay et al. 1991) . Binding sites for Concanavalin A are gathered at the front of polarized PMNs (Weinbaum et al. 1980) , opsonized erythrocytes are bound at the head region of locomoting PMNs (Walter et al. 1980 ) and CD15 has an apparent anterior distribution (Haston and Maggs, 1990) . On the other hand, during spontaneous PMN locomotion, FcRII are apparent at cell uropods whereas FcRIII are uniformly distributed at the cell surface (Petty et al. 1989) . In addition, a recent paper shows that the distribution of Fc receptors, iC3b receptors and a membrane antigen named BH2, which are all apparently concentrated at the front of the cells, closely parallels the anteriorposterior distribution of TMA-DPH in migrating PMNs (Pytowski et al. 1990 ). The apparent asymmetric location of membrane molecules in polarized PMNs is due only to their distribution at uniform density per unit membrane area not to an active mechanism. Our results seem discordant with those of Pytowski et al., although these authors studied adherent PMNs migrating towards a crude extract of chemoattractant (probably C5a) and no assay was performed to study cytoskeletal distribution.
As filamentous actin content is similar in controls and morphologically polarized PMNs, its distribution in these fully polarized PMNs may result from a local filament assembly with concomitant depolymerization in other cell sites or from the displacement of preformed filaments toward privileged areas. An active process of local actin polymerization in fMet-Leu-Phestimulated PMNs is likely since a 30-s stimulation of PMNs both increased the content in F-actin and affected its distribution. The transductional pathway whereby fMet-Leu-Phe alters actin polymerization is far from being well understood. Like many ligandreceptor interactions and other PMN responses (oxidative metabolism and enzyme release), it may include the formation of specific ligand-receptor complexes, GTPbinding proteins (G proteins) and the subsequent stimulation of a phospholipase C leading to the formation of inositol trisphosphate and diacylglycerol, and metabolism of arachidonic acid (for a review, see Sha'afi and Molski, 1988) . Evidence for the involvement of G proteins is provided by using pertussis toxin in intact cells (Shefcyk et al. 1985) and GTP in electropermeabilized PMNs (Therrien and Naccache, 1989) , or bypassing the formation of ligand-receptor complexes (Bengtsson et al. 1990 ). The nature of the events that follow the activation of G proteins remains unclear, especially the role of intracellular calcium (Downey et al. 1990 ). In addition, different actinassociated proteins regulate actin assembly in vitro; for living PMNs, the molecules involved and their mechanism of action remain largely unknown. Gelsolin-actin complexes may be a reservoir of actin monomers to promote actin assembly (Howard et al. 1990b) , whereas the quantity of profilin is insufficient to account for the relative concentrations in F-and G-actin in resting and fMet-Leu-Phe-stimulated PMNs (Southwick and Young, 1990) .
As revealed by indirect immunofluorescence, myosin, a major protein associated with actin, seems to be concentrated in the anterior region of locomoting PMNs (Valerius et al. 1981 ). An accumulation of fodrin, an other actin-associated protein, in the posterior end of polarized PMNs was recently demonstrated (Fujimoto and Ogawa, 1990) . The polarization in opposite directions of F-actin and fodrin in doubly labelled PMNs suggests that a greater surface area cannot account for a local concentration of fluorescence in morphologically polarized PMNs. Moreover, the same report shows that fodrin became polarized after fMet-Leu-Phe stimulation within 1 min and before any apparent morphological polarization of PMNs, suggesting that fodrin and F-actin accumulated simultaneously in the same cell region. This cell repartition of F-actin F-actin localization in polymorphonuclear leucocytes 155 and its associated molecules may be necessary to establish or maintain the morphological and functional polarization of PMNs. First, two populations of actin filaments were observed in PMNs stimulated by a chemoattractant (Cassimeris et al. 1990 ). Second, after occupancy, formylpeptide receptors coisolate transiently with the cytoskeleton and segregate into actinand fodrin-rich microdomains (Jesaitis et al. 1988 ). Third, for various cell types (Bennett, 1985; RodriguezBoulan and Nelson, 1989) , the anchoring of membrane proteins to the fodrin-containing cytoskeleton is supposed to be responsible for their immobilization into membrane domains. Then, one can put forward the hypothesis that the F-actin-fodrin complex is refractory to PMN deformation and is used as anchor to drive cell elongation that is effected by the actin-myosin complex.
In conclusion, we have demonstrated that, in morphologically polarized PMNs, F-actin is organized in a principal focus at the cell front and in a secondary focus at the posterior end of cells. Since the polarization of filamentous actin precedes the morphological polarization of PMNs, it is suggested that microfilament reorganization in two centres drives shape change by orienting the direction of the subsequent morphological polarization.
